Aims: A growing body of evidence suggests that a higher maternal pre-pregnancy body mass index results in higher offspring's blood pressure, but there is inconsistency about the impact of father's body mass index. Furthermore, evidence is limited with regard to low and middle income countries. We aimed to determine the association between parental pre-pregnancy body mass index and offspring's blood pressure during the first year of life. Methods: In 587 infants of the BReastfeeding Attitude and Volume Optimization (BRAVO) trial systolic and diastolic blood pressure were measured twice at the right leg in a supine position, using an automatic oscillometric device at day 7, month 1, 2, 4, 6, 9 and 12. Parental pre-pregnancy body mass index was based on self-reported weight and height. Linear mixed models were performed to investigate the associations between parental pre-pregnancy body mass index and offspring blood pressure patterns. Results: Each unit increase in maternal body mass index was associated with 0.24 mmHg (95% confidence interval 0.05; 0.44) and 0.13 mmHg (0.01; 0.25) higher offspring's mean systolic and diastolic blood pressure, respectively, during the first year of life. A higher offspring blood pressure with increased maternal pre-pregnancy body mass index was seen at birth and remained higher during the first year of life. The association with systolic blood pressure remained similar after including birth size and offspring's weight and height over time. The association with diastolic blood pressure attenuated slightly to a non-significant result after including these variables. Paternal body mass index was not associated with offspring's blood pressure. Conclusion: Higher maternal pre-pregnancy body mass index, but not paternal pre-pregnancy body mass index, is associated with higher offspring blood pressure already from birth onwards.
Introduction
Many low and middle income countries are in an epidemiological transition, and will experience a strong increase in non-communicable diseases in the coming years. In Indonesia there is major concern about the rising cardiovascular disease (CVD) prevalence -currently 37% of all deaths -and the increasing numbers of overweight and obesity, which are important risk factors for CVD. 1, 2 This is accompanied by concerns about an increasing number of future parents with elevated body mass index (BMI). A systematic review suggests that higher maternal pre-pregnancy BMI results in higher offspring's blood pressure (BP), 3 but evidence is still limited especially with regard to low and middle income countries. Moreover, no consensus has been reached concerning the effect of fathers' pre-pregnancy BMI on offspring's BP. 4, 5 It is also unknown whether this potential maternal effect is already detectable very early in life, when infants are barely exposed to environmental factors that could influence their BP values. It is important to examine the effects of early life factors on BP, because BP tracks from childhood to adulthood. 6 Although the immediate effects will in general be small, their relevance is that they can affect childhood to midlife BP trajectories, which in turn predict CVD risk. 7 Moreover, in Indonesia smoking 8 and alcohol consumption 9 among women are extremely rare, in contrast to women originating from western countries. This enables us to investigate the effect of pre-pregnancy BMI on offspring BP without the likely confounding effects of maternal smoking and alcohol consumption. Finally, infancy and childhood are increasingly recognised as seminal periods with regard to cardiovascular and cardiometabolic risk. All over the world, including Indonesia, pregnancy is a relatively short period in which healthy young women receive frequent professional care, and at that young age this creates a window of opportunity for preventive measures, including those that could benefit both mothers and their children. For these reasons, it is important to know if pre-pregnancy risk in parents is transmitted specifically through pregnancy to infant offspring, or whether such transmission is a mere reflection of shared familial traits and lifestyles. 10 The aim of our study was to investigate whether there is an association between parental pre-pregnancy BMI and offspring's BP during the first year of life, and if so from which time period this association is detectable.
Methods

Study design and setting
The BReastfeeding Attitude and Volume Optimization (BRAVO) trial is a parallel groups randomised trial in Jakarta, Indonesia, which was designed to study breastfeeding effects on early life signs of later life cardiovascular and cardiometabolic outcomes. The design of the BRAVO trial is described in detail elsewhere. 11 Briefly, women were recruited from Budi Kemuliaan Hospital, a private specialised referral centre for maternal and child care in the municipality of Jakarta. Although this is a private centre, it serves mostly the low middle socioeconomic status (SES) group, including those covered by government insurance in the period of recruitment. Women were also recruited from local primary care centres, including primary care centres in the Senen and Jatinegara districts. From July 2012 onwards, eligible pregnant women were randomly allocated either to receive primary care as usual or a programme aimed at add-on breastfeeding optimisation which extends from late pregnancy to 6 months after delivery. Women who, after random assignment, had babies that were stillborn, born prematurely (birthweight < 2500 g, gestational age < 37 weeks), had congenital heart disease or multiple congenital anomalies were excluded. Of the 1000 pregnant women who had been randomly assigned, 267 were already lost to follow up before giving birth. Of 693 out of 733 newborns at least one of the parental BMI measurements was available, of whom 587 had BP measured at least at one time point (Figure 1 ).
Intervention
Care as usual means that there was no interference with breastfeeding propagation practice in current Indonesian care which, in general, follows the World Health Organization (WHO) recommendations for successful breastfeeding. The BRAVO programme consisted of antenatal, perinatal and postnatal interventions, and special support for working mothers. At private
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counselling in late pregnancy, women and families were enabled to visit a lactation counsellor for 30 minutes, mainly to build motivation for breastfeeding. At group counselling, women and closest family members were subjected to a commercially available video (http://injoyvideos.com/) including steps to perform better breastfeeding. Group counselling also allowed mothers to share opinions with peers for mutual encouragement. Postnatally, the intervention arm received one extra home visit from appointed midwives/breastfeeding counsellors to establish breastfeeding, address problems and check preparations at home. As part of the postnatal intervention, women received lactation support and mothers in the intervention group, who returned to work before 6 months after delivery, received special support. 
Pre-pregnancy BMI
Pregnant women of 24-36 weeks gestational age were asked to fill out an eligibility screening questionnaire, including their pre-pregnancy weight and their latest height. During an antenatal visit, pregnant women were asked to complete a questionnaire dealing with the health behaviour of her and her husband, including paternal weight and height. Maternal pre-pregnancy BMI and paternal BMI were calculated as weight in kilograms divided by height in meters squared (kg/m 2 ).
Blood pressure
The offspring's systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice at the right lower leg (popliteal artery) in a supine position, using an automatic oscillometric device (GE CRITIKON Dinamap) at day 7, month 1, 2, 4, 6, 9 and 12. Appropriate cuff sizes relative to the diameter of the leg were used. The first measurement was made by a paediatric research nurse after 5 minutes rest and 2 minutes quiet was observed between the measurements. The means of all available SBP and DBP recordings were used for analyses.
Confounding and intermediates
Parental characteristics. In the analyses parental characteristics -obtained by perinatal questionnaires -were considered as possible intermediates and confounders. Mother's age at giving birth was considered as a confounder, as BMI increases with ageing 12 and a higher maternal age might affect the intrauterine environment and programme the offspring to a higher BP. 13 Although maternal (pre-)eclampsia (yes/no) during pregnancy, gestational diabetes (yes/no), gestational hypertension (yes/no), maternal smoking and alcohol use during pregnancy (yes/no) were considered as intermediates, we did not include these variables in separate models as percentages of (pre-)eclampsia (3%), gestational diabetes (0.6%), gestational hypertension (0.5%), maternal smoking (2%) and alcohol use (0%) during pregnancy were very low in our study population. We did provide two models in which we excluded the offspring of women who smoked during pregnancy and the offspring of women who had any gestational disease ((pre-)eclampsia, gestational diabetes or gestational hypertension). It has been suggested that secondhand smoke exposure during pregnancy also leads to higher offspring BP, 14, 15 and smoking is related to obesity. 16 Therefore, prenatal (second-hand) smoke exposure (yes/no) indicated by smoking during pregnancy by the mother, father or household members in the presence of the mother was included as a possible confounder. In our research question we considered SES a proxy for maternal BMI and adjusting for SES would lead to spurious results. A lower SES is associated with a higher BMI in women 17 and with increased offspring's BP, but higher (maternal) BMI partly explains this association, 18 probably because it is an indicator for clustered health behaviours. 19 Thus we did not consider SES a confounding bias of our association of interest.
Offspring's characteristics. Offspring's birth size -as proxy for fetal growth -and weight and height during the first year of life were also considered as intermediates. Birthweight, birth length and gestational age were used as indicators for birth size. Weight and height measurements were performed by a paediatric research nurse at birth and during immunisation visits at day 7, month 1, 2, 4, 6, 9 and 12.
Data analysis
The means and variances of parent and child characteristics were calculated based on the maternal prepregnancy BMI tertiles and frequencies were tested using Pearson's chi-squared tests or -in case of too low expected values -Fisher's exact tests. Differences in continuous variables were tested using analysis of variance (ANOVA) or Kruskal-Wallis test in the case of skewed data.
As the number of BP measurements over time differed per child, the crude associations between parental pre-pregnancy BMI and BP were assessed using linear mixed models (crude model), by using the variance components structure, and based on complete case analysis. Model fits for linear and quadratic models were compared, showing the best fit for the quadratic model. Model 1 includes additionally mother's age at giving birth and second-hand smoke exposure. Although we investigated the association independent of the status of the intervention, we intended to make sure that there was no trial effect in this association. Therefore, model 2 additionally included the status of the intervention to model 1. Models 3 and 4 are explanatory models and consist of model 1 and, respectively, birth size and weight and height measured at the same visits as when BP was measured. Furthermore, an interaction term between birthweight and parental BMI was tested to investigate whether the association between parental BMI and BP is modified by fetal growth. Similarly, interaction terms between maternal BMI and intervention status (intervention vs. control), care centre (primary care vs. private specialised centre), breastfeeding (any breastfeeding during the first year of life), parity and gender were tested. Furthermore, to investigate whether the effect over time is different for different parental BMI values, interaction terms between time and quadratic time with parental BMI were tested by the likelihood ratio test. The offspring BP pattern over time was plotted for parental BMI, by using the estimated marginal means of BP of model 1, which were calculated at each month during the first year of life and for four random chosen BMI values: 20, 25, 30 and 35 kg/m 2 . The results are expressed as mean differences with 95% confidence intervals (CIs) and P values. CIs not including zero, corresponding to P values less than 0.05 were considered as statistically significant. All analyses were performed using SPSS version 21.0 for Windows.
Results
The mean (SD) maternal and paternal pre-pregnancy BMI were 22.4 (4.5) and 22.9 (3.6) kg/m 2 , respectively. Mean offspring's SBP and DBP ranged, respectively, from 93 to 109 mmHg and 50 to 64 mmHg during the first year of life. Table 1 demonstrates the general characteristics by maternal pre-pregnancy BMI tertiles. Compared to the lowest tertile, mothers in the highest tertile had 22 kg higher maternal pre-pregnancy weight, fathers had 2 kg/m 2 higher BMI and offspring had 179 g higher birthweight. The baseline characteristics of participants and women who were not in the data analysis due to loss to follow-up or lacking data of the determinant of outcome were comparable (see Supplementary Appendix Table 1 ). SES, education, occupational status and type of job were comparable between these groups in both parents, but the family income of participants was higher compared to the loss to follow-up group. Table 2 provides the associations between parental BMI and offspring's BP. A one unit increase in maternal BMI (kg/m 2 ) was associated with 0.24 mmHg (95% CI 0.05; 0.44) and 0.13 mmHg (95% CI 0.01; 0.25) higher offspring's mean SBP and DBP, respectively, over the first year of life (model 1). This higher offspring BP with increased maternal pre-pregnancy BMI was already set from birth onwards. There was no effect of the trial status (model 2) on the association of interest. Additional adjustment for birth size (0.27, 95% CI 0.05; 0.49) or offspring's weight and length gain (0.20, 95% CI 0.01; 0.40) did not explain the association with SBP. The associations attenuated slightly to a non-significant result in the model with DBP including birth size (0.12, 95% CI -0.01; 0.25) and weight and length measurements over time (0.11, 95% CI -0.01; 0.23). There was no effect modification by birthweight, intervention status, care centre, breastfeeding, parity, gender or time. The P value for interaction between maternal BMI and parity was 0.08 in the adjusted model with offspring DBP as the outcome. Linear regression coefficients (95% CI) were -0.01 (-0.22; 0.21) and 0.20 (0.05; 0.35) for the first pregnancy and the second or more than two pregnancies, respectively. The BMI of mothers with a first pregnancy was significantly lower than the BMI of mothers with a parity of two or more than two pregnancies. The offspring SBP and DBP pattern over time plotted for maternal BMI, by using the estimated marginal means of the BP of model 1, are provided in Figures 2 and 3 , respectively. Effect estimates were similar in models which excluded the offspring of women who had any gestational disease or women who smoked during pregnancy (Supplementary Appendix Table 2 ).
Paternal BMI was not associated with offspring's BP (SBP -0.02 mmHg/kg/m 2 (95% CI -0.27; 0.23); DBP À0.05 mmHg/kg/m 2 (95% CI -0.21; 0.10)).
Discussion
A higher maternal pre-pregnancy BMI, but not paternal BMI, was associated with a higher offspring's BP during the first year of life. This was for DBP partly explained by offspring's anthropometry. The offspring of mothers with a higher pre-pregnancy BMI had higher BP values around birth and remained higher during the first year of life, but their change in BP was similar compared to the offspring of mothers with a lower pre-pregnancy BMI.
To appreciate these findings some aspects of the study need to be addressed. To our knowledge, ours is the first study that investigated the association between parental pre-pregnancy BMI and offspring's BP in a lower middle income country. The relevance of this is that Indonesia is in an epidemiological transition and will deal with the increasing prevalence of CVD (risk factors) in the coming years. A strength of the current study is the very low number of women who smoked or used alcohol during pregnancy, which enabled us to analyse the data without these confounding effects. As BP varies between and across visits, 20 we intended to reduce the effects of individual variation over time -regression to the mean -by including multiple BP measurements at different visits. Moreover, this approach enabled us to estimate the BP patterns based on parental BMI during the first year of life.
As in all observational prospective cohort studies, we did have to deal with loss to follow-up. The reasons for loss to follow-up before giving birth is explained by the low commitment and often the husband disagreed with participation. Furthermore, most women were only temporary residents who moved to their mother's house to give birth, which is a custom for a lot of Indonesian women. However, we consider selection bias implausible as the baseline characteristics were comparable and it is unlikely that the reported association between pre-pregnancy BMI and offspring BP is different in people who were lost to follow-up. Parental weight and height were self-reported by the mother during the third trimester of pregnancy. Due to the fact that these measures were self-reported and retrospectively asked, it could be that these values are imprecise. If so, we would expect an underestimated rather than an overestimated BMI for most people, which in turn would result in a dilution of the demonstrated effect estimates. Notably, we consider information bias improbable because parental weight and height were reported before the outcome was measured and offspring's BP was measured automatically by a research nurse who was unaware of the research question. Parental BMI was analysed as a continuous variable rather than using the WHO classifications of body weight, as there is debate about the appropriate BMI cut-off for overweight or obesity in Asians, 21 and we did expect that any association between BMI and offspring BP would be graded. BMI is an indicator for overall adiposity, but provides no information about fat distribution, which is important as an increase in visceral adipose tissue leads to a higher cardiometabolic risk compared to subcutaneous adipose tissue. 22 Indonesians with the same BMI as Caucasians have, overall, a higher percentage of body fat. 21 Despite these ethnicity-specific differences, our results with regard to increased offspring BP with increased maternal pre-pregnancy BMI are in line with the majority of the previous studies, 4,5,23-31 but conflict with two studies which used maternal BMI categories. 32, 33 Similar to our study, this association between maternal pre-pregnancy BMI and SBP remained similar in all studies which included birthweight in the model, 4, 5, 25, 31 while it attenuated (slightly) after including offspring's BMI. 4, 25, 27, 28, 31 For DBP, in two out of three studies 4, 25, 31 which investigated birth characteristics the association remained similar; 25, 31 previous studies support our findings that the association attenuated (slightly) when offspring's anthropometry was additionally included in the model. 4, 25, 28, 31 In contrast to our study, two previous studies found increased offspring SBP with higher paternal pre-pregnancy BMI, 4,5 but effect estimates were -in line with our results -higher for maternal than paternal prepregnancy BMI. Gaillard et al. reported, in accordance with our findings, no association between paternal prepregnancy BMI and offspring DBP. 4 As we investigated the association of both maternal and paternal pre-pregnancy BMI, we could elucidate the potential underlying mechanism of this association of interest. Firstly, this could be a reflection of shared familial traits and lifestyles. 10 However, the presence of the association with maternal pre-pregnancy BMI, but absence with paternal pre-pregnancy BMI, suggests that familial aggregation of body size and shared lifestyles does not completely explain this association of interest. As we lack information on parental BP, we cannot exclude familial aggregation of BP as an explanation. However, we consider an explanation for this association of interest by familial aggregation of height unlikely as the higher BMI values are caused by increased weight rather than being taller.
Secondly, parental overweight could already programme the offspring to an adverse cardiovascular and metabolic profile during conception and pregnancy by metabolic, mitochondrial and epigenetic changes. During this period, the gametes and early embryo are fully exposed to environmental conditions, e.g. parental obesity, which could alter development. Little evidence is available with regard to the impact of paternal prepregnancy BMI on offspring's health. In animals, it is known that paternal obesity affects sperm quality, epigenetic status, DNA integrity and seminal fluid composition, which in turn could affect embryonal development. For instance, seminal fluid in mice influences blastocyst development, placental size, offspring glucose tolerance, adiposity and BP. However, offspring BP was not affected by paternal obesity in a meta-analysis including both maternal and paternal mouse models, while this was affected by maternal obesity. 34 This supports our findings, and indicates an intrauterine mechanism influenced by the mother.
The follicles of obese mothers have elevated concentrations of follicular fluid insulin, lactate, triglycerides, leptin and other metabolic regulators. Moreover, the oocytes of obese mothers are smaller; and blastocysts have higher triglycerides, but lower glucose consumption. Mitochondrial defects in oocytes and chromosomal changes could exist and programme the offspring towards an adverse cardiometabolic profile. 34 From the third trimester of pregnancy onwards, the elevated leptin concentrations in obese mothers affect the embryonal hypothalamus, which is responsible for the control of appetite and activation of efferent sympathetic pathways. This may lead to higher offspring's leptin-mediated renal sympathetic activity and adiposity, which is related to an increased risk of developing obesity-related hypertension. 35 As we found stronger estimates for maternal than paternal pre-pregnancy BMI, although associations attenuated slightly in the models including offspring's anthropometry -we suppose that, at least partly, the association of interest is explained by an intrauterine mechanism that possibly affects fat metabolism. Different associations for maternal and paternal pre-pregnancy BMI indicates an intrauterine effect rather than familial clustering of body size or lifestyle. This is supported by the fact that higher offspring BP is already visible from birth onwards and does not affect the change in offspring BP over time.
In conclusion, higher maternal pre-pregnancy BMI, but not paternal pre-pregnancy BMI, is associated with higher offspring BP, which is partly explained by offspring's anthropometry. This higher offspring BP with increased maternal pre-pregnancy BMI is already set from birth onwards and does not affect the change in BP over time.
Perspectives
Alongside the increased risks of maternal obesity on maternal and embryonal health during pregnancy, 36 it seems that this also has an impact on offspring's cardiometabolic profile after delivery. Although effect sizes are small, these could have long-term consequences as BP not only tracks from childhood to adulthood and BP trajectories are associated with CVD risk, BP differences are also reported to amplify over life. Small, favourable shifts in mean BP levels in the total population may have a large effect on the prevalence of hypertension in the total population. 37 Therefore, for population prevention of hypertension and CVD, factors that affect BP early in life should be considered. This is of relevance for all pregnancies, but particularly in lower middle income countries, as those countries are in epidemiological transition and will experience an increased prevalence of CVD (risk factors). For the early prevention of hypertension at a population level it is important to reduce excessive body weight in future parents, especially in women given the potential intrauterine effect on offspring BP. In a systematic review and meta-analysis by Wewege et al. it is reported that overweight and obese people benefit from an exercising programme with regard to body composition. 38 In addition to exercise training, caloric restriction resulted in a better body composition as well, when a hypocaloric diet led to greater weight loss compared to exercise training. 39 In middle-aged overweight or obese adults with hypertension a combination of a hypocaloric diet with supervised aerobic exercise 2 days a week for a period of 16 weeks led to a reduction in weight and BP levels. 40 Both exercise training and a hypocaloric diet influence components of the individual's body composition and thereby improve the cardiometabolic profile.
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